Objective: Little research has addressed the relationships among infant temperament, eating styles and obesity risk. To address this gap, we tested whether infant temperament and eating patterns at the age of 1 year are associated with a greater increase in standardized weight status, and greater obesity risk at 6 years of age. Design: A secondary, prospective analysis of the Colorado Adoption Study was conducted. The main predictor variables were infant temperament (that is, emotionality, activity, attention span-persistence, reaction to food and soothability) and eating domains (that is, reactivity to food, predictable appetite and distractability at mealtime) at the age of 1 year, along with the body mass index (BMI) of biological mothers. The outcome measures were child weight and height (length) assessed at ages 1 through 6 years, from which weight-for-length and BMI were computed along with the standardized indexes (z-scores) and percentiles. Overweight/obesity status was computed at each year as well. Participants: A primarily White sample of 262 boys and 225 girls, assessed at ages 1 through 6 years, along with their mothers. Results: Among boys, greater attention span-persistence was associated with reduced standardized weight status gain (b ¼ À0.15, Po0.05) and reduced obesity risk (odds ratio (OR) ¼ 0.46, P ¼ 0.06). Among girls, greater soothability and negative reaction to food were associated with greater standardized weight status gain (b ¼ 0.19, Po0.01; and b ¼ 0.16, Po0.05, respectively) and increased obesity risk (OR ¼ 3.72, P ¼ 0.03; and OR ¼ 2.81, P ¼ 0.08, respectively). Biological mothers' obesity status predicted obesity risk in boys (OR ¼ 3.07, P ¼ 0.01) and girls (OR ¼ 5.94, P ¼ 0.03). Conclusions: Male infants with less attention span, and female infants with greater soothability or a more negative food reaction, showed greater increases in standardized weight and were more likely to be overweight/obese at the age of 6 years. The role of infant temperament in pediatric obesity onset warrants greater research.
Introduction
The prevalence of childhood obesity has increased dramatically in recent decades 1,2 even among newborns. 3 Yet, few early-life behavioral risk factors for childhood obesity have been identified, with most investigations having focused on parental body mass index (BMI in kg m -2 ) or controlling feeding styles. 4 Parental obesity is arguably the strongest predictor of childhood obesity risk, 5 although this partially reflects nonmodifiable genetic influences. 6, 7 Restrictive feeding by mothers is associated with increased child food intake and overweight, 8 although parents may be responding to their child's weight status in a bidirectional manner. Specifically, being an overweight child may elicit restrictive feeding prompts by mothers, which in turn may impede children's self-regulatory eating and promote excess BMI gain. 4, 9 This phenomenon has been studied in infancy 8, 10, 11 and early childhood. 4 Thus, research identifying early behavioral risk factors for obesity is needed. Studies of infant eating styles and temperament may shed light on this issue. As regard to eating patterns, rapid sucking by newborns predicted increased weight gain at 1 and 2 years. [12] [13] [14] Also, consumption of a more energydense liquid formula compared with a less energy-dense formula in the first 112 days of life was associated with greater total energy intake and weight gain. 15 This classic study by Fomon et al. 15 examined 32 full-term infants who were initially measured at 6-9 days of life and then subsequently evaluated after 14 (±2), 28 (±2), 42 (±2), 56 ( ± 2), 84 ( ± 4) and 112 ( ± 4) days. Another line of research has shown that bottle-fed compared with breast-fed infants are at increased risk for developing obesity, 16, 17 whereas a recent study found that approximately one-fifth of working mothers fed French fries, sweetened beverages and desserts to their infants. 18 Thus, the role of infant eating patterns in obesity onset is potentially relevant. As regard to temperament, research indicates that temperaments are a subclass of personality traits that appear early on in the first year of life, and are largely heritable and enduring over time. 19, 20 Empirical research shows that early childhood temperament predicts emotional reactivity, social competence, coping with stress, inhibitory control, approach-avoidance behavior and self-regulation. 21, 22 Regarding the association between temperament and weight status, infants who gained at least 30 percentile points in weight-for-length (Wt/L) between 6 and 12 months had more difficult temperaments than infants showing less rapid weight gain. 23, 24 However, Farrow and Blissett 25 reported that infant temperament did not predict 6-to 12-month weight changes. High-activity temperament was associated with reduced body fat in 8-to 12-year-old girls, 26 although this did not replicate prospectively. 27 Agras et al. 28 found that greater anger/frustration and less soothability at the age of 5 years were associated with greater child food tantrums, which, in turn, predicted greater obesity risk at 9.5 years. Thus, the role of infant temperament in obesity onset also is potentially relevant. This study tested whether infant temperament and eating styles at 1 year of age were associated with a greater increase in standardized weight status, and increased obesity risk at the age of 6 years. We tested these associations controlling for the BMI (kg m -2 ) of biological mothers enrolled in the Colorado Adoption Project (CAP). It was hypothesized that greater maternal BMI and less infant soothability 28 would predict child obesity risk. Directional hypotheses regarding other temperaments were not specified because previous inquiries differed notably from the present in terms of temperamental conceptualization, 23 temperament assessment 23, 29 and participant age. 26 
Methods

Participants
Mother and child participants were enrolled in the CAP, a full adoption design that includes data on adopted children and their biological and adoptive parents. Data were also collected on nonadoptive families that were matched with respect to infant sex, number of siblings, and paternal age, occupational status and education. 30 This analysis used data from the years 1 through 6 annual assessments. The years 1-4 assessments were conducted at home visits by trained research staff, whereas years 5 and 6 assessments were conducted by phone interview. Children in this analysis were 262 boys and 225 girls, with mean ages of 12.22 ± 0.51 months (year 1), 24.13 ± 0.37 months (year 2), 36.12 ± 0.45 months (year 3), 48.17 ± 0.42 months (year 4), 60.15±1.19 months (year 5) and 71.97±2.27 months (year 6). In all, 52% of the children were from adoptive families and 48% were from nonadoptive families. The ethnicity of biological mothers was 93.4% white, 0.4% African American, 1.0% Asian, 2.7% Mexican American, 0.8% unknown and 1.6% other (not specified).
Measures
Infant temperament. Five temperament variables from the Colorado Childhood Temperament Inventory (CCTI), 32 as
reported by mothers at the year 1 assessment, were analyzed: emotionality, activity, attention span-persistence, reaction to food and soothability. The sociability variable was not examined as this temperament has not been linked to child obesity. A sample emotionality item is 'child gets upset easily.' Sample items from the activity and attention span-persistence factors are, respectively, 'child is very energetic' and 'child persists at a task until successful.' A sample reaction to food item is 'child consistently dislikes many kinds of food,' and a sample soothability item is 'child stopped fussing whenever someone talked to him or picked him up.' All temperament items were rated on a 1 ('not at all like the child') to 5 ('a lot like the child') scale. Validity and reliability data for the CCTI are provided elsewhere.
32,33
Infant eating behaviors. In addition to completing the five items from the CCTI reaction to food scale, mothers completed six eating-and food-related items from the New York Longitudinal Study (NYLS). 34 The rationale for combining the CCTI and NYLS items was to broaden the content coverage of the eating behavior constructs. Specifically, these 11 items were selected in advance, based on their face content, to address the following constructs of interest: food fussiness or pickiness eating, [35] [36] [37] appetite and hunger, [38] [39] [40] and self-regulatory eating. 41, 42 These constructs or traits have been suggested as being potential contributors Higher scores on reactivity to food reflect a more negative reaction to or fussiness about foods. Lower scores on predictable appetite reflect greater expression of a regular or predictable appetite. Lower scores on distractability at mealtime reflect greater distractability and activity at meals. The Cronbach a coefficients for the three factors were 0.84, 0.41 and 0.43, respectively. Factors two and three consist entirely of NYLS items, and their low a values likely reflect the small number of items per factor, the limited range of response options, and the methodology used by the NYLS (that is, qualitative interviews with parents followed by content coding of the interviews). As the NYLS eating dimensions were not psychometrically derived, it is perhaps not surprising that the resulting reliability estimates are modest. However, if one conceptualizes the three eating factors as components of a multidimensional eating behavior construct and thus computes, across all three factors, an overall stratified a coefficient, 43 the resultant a estimate is 0.78.
Maternal BMI. Maternal weight and height were collected by self-report.
Infant and child weight status. At years 1 through 4, weight and height were ascertained by medical records or by scale and tape measure. At years 5 and 6, weight and height were ascertained by parent report. Weight and length (or height) measures were used to compute Wt/L at year 1 and BMI at years 2-6. Wt/L z-score and percentile were computed for year 1, and BMI z-score and percentile for years 2-6, per Centers of Disease Control and Prevention growth charts. 44 Handling missing data. To maximize generalizability and statistical power, multiple data imputation was performed using Schafer's NORM computer program. 45 This program imputes data points by applying a Bayesian data augmentation algorithm that simulates random values of parameters and missing data from each variable's posterior distribution. First, the expectation maximization algorithm was applied to the data to generate starting values for parameters. To create a stable set of multiply imputed data, the data augmentation algorithm was repeated for 400 iterations to guarantee model convergence and this process was then repeated five times for a total of six multiple imputed data sets, consistent with previous recommendations. 46 Each imputed variable was then averaged across the six data sets to give rise to a final complete data set for all 487 participants. The proportion of missing data for the year 1 variables ranged from 0 to 14.3%, with a mean (s.d.) and median value of 5.4% (4.4) and 7%, respectively. These values are well within acceptable limits.
46,47
Data analytic plan Descriptive statistics are presented as means and s.d. Two complementary analyses tested whether child temperament and eating measures predicted changes in standardized weight status from ages 1 to 6 years and overweight/obesity status at the age of 6 years. The first analysis, hierarchical multiple regression, used as the outcome the difference between the child's standardized weight status at years 6 and 1, both assessed in z-score units. The predictor variables were maternal ethnicity, infant age, infant adoption status Parents responded on a three-point scale for the given question, with a lower score reflecting a greater endorsement of the trait. Thus, a lower score reflects a greater expression of hunger, more regular hunger time, more predictable food consumption, greater activity at mealtime and greater distractability at mealtime, for the respective items.
Role of infant temperament in pediatric obesity MS Faith and JB Hittner (that is, nonadoptive vs adoptive families) (block 1); maternal BMI (block 2); and infant emotionality, attention span, reaction to food, soothability, activity level, predictable appetite and distractability at mealtime (block 3) (reactivity to food was not modeled in inferential analyses because of its high correlation with the reaction to food temperament measure, r ¼ 0.96). This model tested the effects of temperament and eating variables after partialling out variance due to, first, demographic variables and, second, biological mother's BMI. The statistical significance and variance accounted for by each block are presented, along with the standardized b weight and P-value of each predictor. The overall significance and R 2 for the full model are also presented. The second analytic plan, logistic regression analysis, used child overweight/obesity status at 6 years of age as the outcome. Children were classified as nonoverweight/nonobese (that is, BMI o75th percentile) or overweight/obese (that is, BMI X85th percentile). Children with BMIs X75th and o85th percentiles were excluded from this analysis to create spread between the two outcome groups. Predictor variables were the same as those used in the previous analyses, with children scored as low or high on each respective measure based on a median split. Odds ratios (ORs) with 95% confidence intervals are presented for individual predictors. We tested the overall model fit using a w 2 -test and examined the explanatory power of the predictor variables using Nagelkerke's R 2 statistic. To evaluate the model's discriminatory power (that is, to correctly identify overweight/obese cases from non-cases at year 6), the percentage of cases correctly classified was examined along with the c-statistic, 48 which spans from 0.5 (that is, model predictions are no better than chance) to 1.0 (that is, model always assigns higher probabilities to correct cases than to incorrect cases). All analyses were stratified by child sex, to allow for the possibility that certain temperament or eating style influences may be present in one sex but not the other. Indeed, certain studies have found that associations between selfregulatory eating measures and overweight status or obesity risk differ by child sex. 49, 50 All analyses used two-tailed significance tests with a ¼ 0.05. The Statistical Package for the Social Sciences (SPSS, Version 16, Chicago, IL, USA) was used for all analyses.
Results
Descriptive statistics
There were no significant differences on any of the infant temperament and eating measures across gender (Table 2) . Similarly, there were no significant differences across gender in anthropometric measures except for Wt/L at year 1 (Po0.001) ( Table 3 ). In all, 19 (8.4%) of the girls and 32 (12.2%) of the boys were overweight/obese at the age of 6 years.
Prediction models in boys
Hierarchical regression analysis revealed that none of the predictors in block 1 (P40.05) or block 2 (P ¼ 0.20) were significant (Table 4a ). However, in block 3, poorer attention span (P ¼ 0.02) was associated with greater changes in standardized weight status from 1 to 6 years. The overall regression model was significant (P ¼ 0.04), accounting for 8% of the variance in the outcome. Logistic regression analysis revealed that sons of obese mothers were more likely to be overweight/obese at 6 years of age compared with sons of nonobese mothers (OR ¼ 3.07). Also, infants who are high in attention span were less likely to be overweight/obese than those low in attention span (OR ¼ 0.46) (Table 4b) . Although the overall model was not significant (w 2 (11) ¼ 16.37, P ¼ 0.13, Nagelkerke's R 2 ¼ 0.12), 87% of the cases were correctly classified and the c-statistic was 0.71 (Po0.001).
Prediction models in girls. Hierarchical regression analysis revealed that none of the predictors in block 1 (P40.05) Role of infant temperament in pediatric obesity MS Faith and JB Hittner or block 2 (P ¼ 0.19) were significant (Table 5a ). However, four variables in block 3 were significant, with the full block accounting for 9% of the variance (P ¼ 0.004). Greater negative reaction to food (P ¼ 0.02), greater soothability (P ¼ 0.01), greater predictable appetite (P ¼ 0.02) and greater distractability at mealtime (P ¼ 0.05) were associated with greater changes in standardized weight status from 1 to 6 years. The overall model was significant (P ¼ 0.01), accounting for 11% of the variance in the outcome.
Logistic regression analysis revealed that daughters of obese mothers were more likely to be overweight/obese at 6 years of age compared with daughters of nonobese mothers (OR ¼ 5.94), and highly soothable infants were more likely to be overweight/obese than less soothable infants (OR ¼ 3.72) (Table 5b) . Also, girls who were high compared with low in negative reaction to food were 2.8 times more likely to be overweight/obese at year 6, although this effect did not reach significance (P ¼ 0.08). The overall model was Abbreviation: CI, confidence interval. Low and high scores were constructed based on median splits, using the following scores: age (low: o12 months, and high: X12 months); emotionality level (low: o12, and high X12); attention level (low: o17, and high: X17); reaction to food level (low: o11, and high: X11); soothability level (low: o19, and high: X19); reactivity to food level (low: o10, and high: X10); predictable appetite (low: o4, and high: X4); distractability at mealtime level (low: o4, and high X4). *P ¼ 0.06; **P ¼ 0.01. Abbreviation: CI, confidence interval. Low and high scores were constructed based on median splits, using the following scores: age (low: o12 months, and high: X12 months); emotionality level (low: o12, and high: X12); attention level (low: o17; and high: X17); reaction to food level (low: o11, and high: X11); soothability level (low: o19, and high: X19); reactivity to food level (low: o10, and high: X10); predictable appetite (low: o4, and high: X4); distractability at mealtime level (low: o4, and high: X4). *P ¼ 0.08; **P ¼ 0.03. 
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Discussion
This is the first prospective study to show that infant temperament and eating patterns at 12 months of age are associated with change in standardized weight and obesity status at the age of 6 years. These associations were independent of biological mothers' BMI and differed by child sex. Among boys, poorer attention span predicted greater weight gain. This finding is consistent with previous research in that (a) attention problems, aggression and oppositional defiant behaviors often co-occur; 51, 52 and (b) behavior problems and oppositional defiant disorder in childhood predict future overweight/obesity status.
53-56
Interestingly, Carey et al. 57 found that children who scored higher on an index of difficulty showed greater weightfor-height percentile gains at ages 4-5 and 8-9 years. Other studies have found that infants with greater distress to limitations gained more weight in the first 2 months of life. 58 Behavioral mechanisms linking early attention span to obesity risk need to be identified. Reduced attention span may impede the development of self-regulatory eating and satiety recognition, 41 promote eating in response to external cues such as portion size, 59 ,60 encourage mindless eating, 61 or facilitate other obesity-related behaviors. Thus, our findings regarding reduced attention span and standardized weight gain in male infants builds upon current knowledge regarding the potential role of an emotional/difficult temperament in obesity risk. It is also possible that our findings for attention span reflect poor effortful control. Indeed, recent studies have established a prospective link between poorer inhibitory control and childhood obesity onset. [62] [63] [64] Future research needs to resolve the unique contributions of attention span, self-control and negative emotionality to excess weight gain during childhood. Among girls, greater soothability predicted greater change in standardized weight status and obesity onset at the age of 6 years. This effect was in the opposite direction to that which we predicted, as it seems that parents would be more inclined to use food to placate the less easily soothed infant compared with the more easily soothed infant. Thus, behavioral mechanisms underlying this association need to be identified. Parents may use food to comfort the highly soothable infant, which may over time enhance the reinforcing properties of foods. 65, 66 Future research should explore such reciprocal behavioral mechanisms. Increased food reward has been linked to obesity status in children and adults. 65, 67 Another possibility is that highly soothable girls are comforted more easily by watching television, which parents might then encourage. Increased television viewing has been linked to high-calorie snack food consumption [68] [69] [70] and increased obesity risk. 71 Future research needs to examine the extent to which television is used as a soothing strategy by parents, whether this differs by child temperament, and how this may lead to overconsumption. Interview-based research with parents of 6-to 13-year-old children indicates that many caregivers use television as a safe and easy soothing strategy. 72 Interestingly, there is experimental evidence that television viewing can have an analgesic effect in 7-to 12-year-old children undergoing venipuncture. 73 Given the novelty and potential importance of the soothability finding, we conducted a post hoc analysis (data not presented) to further probe the soothability effect in girls. Results indicated that standardized weight increased in both low-and high-soothability girls in a monotonic and parallel fashion until the age of 4 years, but then diverged between 4 and 6 years. This period overlaps with adiposity rebound, a possible critical period for obesity onset, 74, 75 and may be a developmentally important juncture when temperament-based differences in diet and physical activity become apparent. 76 Differences in peer relations, group socialization and emotional factors during this period might also have contributed to these findings. Interestingly, Agras et al. 28 found that less soothability at the age of 5 years predicted increased obesity risk at 9.5 years. Differences in both temperament assessment and sampling frame (1-6 years vs 5-9.5 years) might account for the discrepant results. Although this study assessed soothability using the CCTI, 32 Agras et al. used the Child Behavior Questionnaire to assess this trait. 77 Wells et al. 29 also found that less infant soothability was associated with increased skinfold thickness at ages 2.5-3 years. Future research should further explore the association between soothability and obesity risk, with an eye toward potential developmental changes over time. Among girls, a more negative reaction to food predicted increased weight gain. This finding may reflect early control struggles in the infant-caregiver feeding relationship, resulting in food rejection by the infant. To compensate, parents might engage in assertive or coercive feeding strategies, which have been linked to overconsumption and obesity in children. 4, 78 However, few empirical studies have examined these issues in infants. 8, 79 Negative food reaction may also reflect picky or fussy eating, 37 although few studies have examined these traits in relation to child weight status. 35, 80 In response to a child's food dislikes and fussiness at mealtime, parents might overfeed their infant in an effort to placate her by offering calorically dense foods. Future studies should explore these issues. A key methodological finding was the derivation of three empirically derived eating factors (that is, reactivity to food, predictable appetite and distractability at mealtime). This demonstrates not only that psychometrically developed eating factors can be derived from parental report, but that such measures can evidence predictive validity. A more predictable appetite and greater distractability at mealtime predicted greater weight gain for girls between years 1 and 6 in the hierarchical regression model. Controlling for Role of infant temperament in pediatric obesity MS Faith and JB Hittner maternal BMI, the temperament and eating variables accounted for 9% variance in weight change from years 1-6. Future research should replicate and extend these results. One recommendation is to develop additional items for eating factors two and three in an effort to boost the reliability of these eating dimensions, given that their suboptimal reliabilities are a limitation of this study. A second recommendation is greater research to establish the overall construct validity of these measures and their broader nomological network. 81 Maternal BMI was a strong predictor of infants' weight status in the logistic regression analyses, with infants of biologically obese mothers at an approximate threefold (boys) and sixfold (girls) increased risk of becoming overweight/obese compared with infants of nonbiologically obese mothers. These findings underscore the importance of maternal weight status in the development of childhood obesity. Moreover, as biological mothers did not reside with their adopted children, this implicates the strong role of genetic factors in the development of childhood obesity. 82, 83 Our findings suggest potential practical implications for pediatricians and caregivers, pending greater research. Greater awareness should be paid to the role of infant temperament and its potential influence on parenting practices that may increase obesity risk. Caregivers of high soothable female infants might be particularly cautious about using food or television to calm their child, whereas caregivers of infant girls with negative food reaction might require additional patience and food exposures to promote fruit and vegetable consumption. [84] [85] [86] For caregivers of infant boys with low attention span, it may be especially important during development to teach recognition of satiety cues or to restructure the home environment to discourage eating in response to external cues. [87] [88] [89] [90] The strengths of this study include use of a long-term prospective design, the large sample size, a comprehensive data-analytic approach, and infant temperament and eating measures that have been rarely examined. Also, use of a full adoption study design allowed us to test for any influence of child temperament and eating style on weight status above and beyond that of biological mothers' BMI, which solely reflects genetic influences that are known to be a strong determinant of child obesity status. 5, 6 Limitations include the fact that directly measured weights and heights were not available for use in years 5 and 6 (contrary to the previous years), the CAP's use of primarily Caucasian families, the lack of intermediary diet and physical activity measures, and potential unreliability of weight and height measures from physicians' offices. Although parental reported heights and weights for children are less optimal than direct measurements, there are data to suggest that the former are sufficiently valid for community-based samples. 91 Also, participating children evidenced, on average, lower BMI z-scores and percentile ranks relative to normative data. 44 This might be due to the geographical location from which the sample was recruited, as Colorado residents show higher levels of physical exercise and lower overweight/ obesity rates. 92 In summary, infants with less attention span (boys), as well as greater soothability or more negative food reaction (girls), showed greater increases in standardized weight and were more likely to be overweight/obese at the age of 6 years. Future research needs to replicate these findings and identify underlying behavioral mechanisms. Infant temperament and eating patterns may contribute to childhood obesity in a sex-specific manner that potentially operates through parenting styles.
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